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Whey is a high-quality dairy by-product from cheese industry, being an important source of valuable
proteins. It is important in human and animal nutrition due to its content in enzymes, hormones,
vitamins, minerals, and antioxidant compounds, it has low lactose content, very little or it is free of
lipids, but the dehydration (drying) technique must be very well chosen to preserve the quantity and
quality of components. The objective of our study was to analyze the possibility of concentrating
whey by reverse osmosis and having in view the possibility to preserve most of the biochemical
properties of whey. Thus, we made comparative tests for quantitative determination of total protein,
lipids, pH and acidity for — raw, skimmed and concentrated whey. The results showed that reverse
osmosis is a good, cheap and easy-to-use method in cheese factories to obtain whey with well-
preserved components. Most of the farmers from western Romania (especially in Timis county) use
whey as ingredient of feed products. Studies from previous years present whey as an ingredient of
nutritional supplements for animal feeding plan, as well as an ingredient in supplements for athletes
and alternative medicine. There are many technological options for whey processing, but the final
option must be very well correlated with the final nutritional purpose.
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Whey is a natural product that is very rich in highly digestible proteins which are obtained from milk products
technology as a by-product from cheese manufacturing and casein or yogurt production. It is a widely available product,
where a few million tons are produced annually and are found in all milk processing units as a by-product. Whey is a
very good source of highly digestible protein (B-lactoglobulin, a-lactalbumin, lactoferrin, immunoglobulin), and also
carbohydrates (lactose, galactooligosaccharides).

Many researches provide information about the benefits of including whey in diet, that can prevent and/or attenuate
different diseases, help the conventional therapies, and can augment the recovery after physical effort and medical
problems [1-3].

Since long time ago, experimental studies proved that whey can be used in ruminants feeding plan (up to 30% from
the dry-matter intake) and swine (up to 20% from the dry-matter intake). In ruminans adding dry or
concentrated/condensed whey to corn silages or grass, improved the digestibility, the feed patability is improved, the
concentration of ammonia nitrogen is reduced, while the feed urea is increased [4,5]. As well, in lactating cattle whey
is used in gradual adaptation to the feeding plan to prevent diarrhea due to its lactose content, with very good
performance in milk yield and milk calcium and magnesium content [6].

Depending on milk sources, whey represents about 80-90% of milk volume, and because it is a very low lipid product
—contains about 50% of water soluble nutrients from original milk (soluble proteins, carbohydrates, water soluble vitamins
and minerals). According to Matti Harju and Matti Heikonen the composition of common cheese whey is presented in
Table 1 [7].

Whey is industrially obtained as a by-product from producing hard, semi-hard and soft cheese, and from producing
casein.
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Table 1
CHEESE WHEY COMPOSITION IN NUTRIENTS

Specification Unit of Value
measurement)
Protein % (by mass) 0.7
Lactose % 4.5
Lipids % 0.1
Ash % 0.5
Dry content % 6.0
Calcium mg/L 350
Magnesium mg/L 90
Sodium mg/L 450
Potassium mg/L 1400
Phosphorus mg/L 450
Chloride mg/L 1000
Lactic acid mg/L 900
Citric acid mg/L 1400

According to data published by Slavov [8] the whey obtained in cheese technology is also called “sweet whey” and
is characterized by a moderate acid pH (5.9-6.6), while the whey obtains after mineral-acid precipitated of casein has a
more acidic pH (4.3-4.6). The whey composition is generally the same and does not depend on the technology in the
major nutrients, but the minerals are higher in whey obtain in casein manufactured (Table 2) [9].

Whey processing alternatives offers various possibilities for obtaining different valuable products such as whey
cream (separation process); powder whey or condensed whey (concentration of total solids); concentrated whey protein,
lactoperoxidase, lactoferrin, a-lactalbumin, B-lactoglobulin, lactose (fractionation of total solids); single cell protein,
ethyl alcohol, lactic acid, cobalamin, galactose, glucose (lactose conversion); and lactosyl-urea and ammonium lactate
(chemical reactions) [9].

Table 2
WHEY COMPOSITION PERCENTAGE OBTAIN IN CHEESE AND CASEIN PRODUCTION

Components specification Whey (%) obtain in
in whey Cheese manufactured process M|neral-a(?;gegﬁgpocggzmpltatlon

True protein 0.60 0.60
Total lipids 0.05 0.05

Carbohydrate — Lactose 4.5 4.6
Non-protein nitrogen 0.20 0.20

Total solids 6.0 6.4
Water 94 93.6

Lactic acid 0.05 0.05

Ash (total minerals) 0.5 0.8
Calcium 0.035 0.12
Phosphorus 0.040 0.065
Sodium 0.045 0.050
Potassium 0.14 0.16

These products can be used as supplements or ingredients for animal feeding plan with increased results in animal
growth and development and also in quality of animal products (milk, eggs, meat).

Whey proteins represent the majority of cow’s milk whey (approximately 85% of cow milk whey) of B-lactoglobulin
B85%), a-lactalbumin 12%), glycomacropeptide ¢12%), proteose peptone 3 (12%), immunoglobulins (8%), serum
albumin 5%), lactoferrin (1%), lactoperoxidase (0.5%), and other different proteins — each in small amount (15%) [10].

From another perspective whey is considered a strong pollutant if it’s discharged into the sewage system because it
contains high concentration of organic compounds which lead to a high biochemical oxygen demand — consuming 30-
40g oxygen per one liter of whey during biodegradation [5].

Because the large cheese factories are processing very large amounts of milk with very high whey production, it’s
necessary to have in view both aspects: transformation of whey in useful products, and limitation of pollution.

Experimental part
Our research has been carried out in a private milk processing plant from Timis County — Romania, which also
processes the cheese whey before the product is exported. The whey processing plan was necessary because in the
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summer time, whey quantity is high and producers needed to find a way to process and capitalize it. For a very good
whey quality (especially whey protein), after different tests, the degreasing (maximum 0.1% fat) followed by reverse
osmosis for concentration the whey, was the best applicable solution.

Total lipids, protein, pH we measured on raw sweet ovine whey (resulting after cheese production), skimmed whey
(after whey degreasing by centrifugation), and concentrated skimmed whey (after reverse osmosis).

Whey acidity was evaluated using the Soxhlet-Henkel method [11], pH was determined using Eutech Instruments
pH 700, total fat was determined by Gerber method [12], protein concentration was evaluated using modified Steinegger
method [13], dry matter and humidity was performed using oven-dry method, and reagents used for analytical
determinations were Merck and Sigma-Aldrich. There were twenty-seven different whey samples were collected — as
raw whey, skimmed whey and concentrated skimmed whey. The pH, acidity, total lipids and total protein were
performed on all samples, and finally we calculated the mean and standard deviation (£SD). The results from the
laboratory analysis, the used method, the presentation of the results, and final concentrated skimmed whey quality were
accepted by both companies (the seller as an Romanian exporter and buyer as an foreign importer).

Results and discussions

The nutritional quality of whey is depending also on milk animal species. However, the most important nutritive
characteristics are proteins and minerals, and less hydrosoluble vitamins, enzymes and lactose. Whey is frequently used
as a source of easy digested, high-valuable proteins — especially when developing diets for farm animal and in the
production of nutritional supplements for humans. For these technological reasons, and also for the good preservation
until further processing, the whey has to have specific acidity, pH, must have little to no lipid content, and has to have
minimal protein and lactose concentration.

The analytical results for pH (pH-meter method) and acidity (titration method) for raw whey (RW), skimmed whey
(SW), and concentrated skimmed whey (CSW) presented significant acidity differences between the raw whey and
concentrated skimmed whey (figure 1).

The results presented graphycally showed that the pH decreases with 11.16% in concentrated skimmed whey compared
(CSW) to raw whey (RW), while the acidity increased very significant in the final concentrated product compared to the
primary whey (increased 4.t times). The total lipid concentration decreases in the skimmed whey when compared to raw whey
due to the degreasing process (by centrifugation separation), and normally increased in the final concentrated skimmed whey
compared to skimmed whey. The degreasing process is mandatory for reverse osmosis and for a better solubilization and
emulsification of the concentrated whey. Total protein progressively increased from 1.79% in raw cheese whey to 2.06% in
skimmed whey and to 7.38% in concentrated skimmed whey.
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Fig. 1. Acidity and pH for raw whey, skimmed whey, and concentrated skimmed whey
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Fi\g. 2. Total bféfeins and lipids content in raw whey, skimmed whey,
and concentrated skimmed whey

The analytical results for total lipids (%) and total protein (%) for raw whey (RW), skimmed whey (SW), and
concentrated skimmed whey (CSW) presented significant total protein differences between the raw whey and
concentrated skimmed whey (figure 2).

Dry matter and humidity was evaluated for final concentrated skimmed whey. Thus, the dry matter percent concentration
in final product after reverse osmosis of whey was 21.73+0.63 (mean £ SD), and generally from 900 liters of raw whey was
industrially obtained approximately 300 liters of concentrated skimmed whey — and this finally product is then exported and
commercialized.

The method used to concentrate the cheese whey is very important in determining the final quality of the concentrated
whey. There are many operations solutions (ultrafiltration, nanofiltration, reverse osmosis, polymerization) outling
procedures to recover, purify, concentrate and reincorporate whey with special attention on protein and lactose
components of whey [14- 19].

Ultrafiltration enriched a-Lactalbumin, B-Lactroprotein, and total protein concentration in the permeated whey
compared to fresh whey, when hydrophobic 50 Kg/mol and hydrophilic 30Kg/mol cut-off membrane was used. To
analyse the concentration of whey proteins there are several methods that can be used, but UV 205nm and Lowry
methods are highly recommended, being the most accurate — having in view the presence of some interference
compounds compared to the Bradford method [15].

Whey ultrafiltration using ceramic membrane technology followed by reverse osmosis using organic membrane
system is a good technological option for protein and lactose re-use. The raw whey is pre-treated and heated, then is
ultrafiltered which results in protein retentate and protein permeate. The membrane characteristics for ultrafiltration is
very important for protein and lactose quantity and quality results. Additionally the acidity, pressure, temperature, and
volume reduction factors from the raw whey are critical factors which determine quantity and quality for the protein and
lactose. Raw whey protein concentration was 5g/Kg, and after ultrafiltration the protein concentration was 12.34g/Kg
in collected retentate [17].

Polymerization of fresh whey cheese is another good method to obtain polymerized whey proteins which are very
stable to a heating temperature of 75°C for 10 minutes and does not negatively effect the probiotic properties.
Polymerized whey proteins (PWP) can be obtain as liquid (LPWP) or concentrated CPWP). When PWP are used to
yogurt preparation, do not lead to significant changes in pH, totals solids, titrable acidity, protein content, texture,
viscosity and syneresis, no matter if LPWP or CPWP is used [20]. Also, the spray-drying method was successfully used
for growth and spray drying of some probiotics based on Lactobacillus casei BL23 and Propionibacterium
freudenreichii ITG P20 using 30% concentrated sweet whey. Spray-drying is a cost-efficient method for obtaining
powder probiotics from sweet whey, and the multi-stage drying is more efficient then one-stage spray drying, improving
the tolerance of Propionibacterium freudenreichii against stimulating the intestinal fluid [21-23]. Another study proves
that whey it is a effective encapsulating agent for Bifidobacterium Bb-12 using the spray-drying method. Thus, the
survival of Bifidobacterium Bb-12 encapsulated with whey in the gastrointestinal environment and also the tolerance to
sodium chloride was excellent — which could be used in animal and human feeding plan [24]. Doherty’s research team
tested the efficiency of using the whey protein isolate as a matrix for the encapsulation of Lactobacillus rhamnosus GG.
The L. rhamnosus is a good gastro-intestinal probiotic and the encapsulated micro-bead matrices based on whey protein
isolates presented a homogenous distribution of live probiotics, characterized by peptic-resistance and acid-stability —
which are the most required probiotics properties [25].
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Whey is a dairy product that could be a good source of calcium, especially when it is concentrated. Likewise, whey
contains minerals and lactic acid which is a good source of calcium lactate crystals - chemicals that are responsible for
the concentrated acid whey thickening [26]. Other minerals are very important for concentrated whey proteins or
isolates, but some potential toxic minerals or essential minerals in excess could decrease the whey quality or could even
make it improper as an ingredient of feed or food [27-31].

Usually after concentration of cheese whey, the product is fully dehydrated by lyophilization (freeze-dry) or
encapsulation — because it is easier to preserve and to incorporate as an ingredient of other products [32, 33]. In this
case, lyophilization is a good option because the proteins are protected and preserved (preventing protein coagulation
and hydro-soluble vitamins alteration). Different researcher teams have proposed other novo-technologie s that could
be used to obtain protein microcapsules enhanced with different antioxidants, vitamins, minerals, enzymes, and plant
extracts for nutraceutical production [33, 34]. The nutraceuticals have high biologic value that can lower the diet
energetic value, used in humans’ diet and supplemented animal rations.

Also, there are study that highlight the importance of using sweet and acid whey for enzymatic generation of
lactulose. The initial concentration of lactose and fructose is very important for enzymatic method to obtain lactulose
using B-galactosidases. Using whey in feed composition — it is very important to know exactely how much fructose and
lactose have to be in whey to assure the best yeld for lactulose production [8].

Conclusions

Whey is a valuable natural proteins and lactose resource, being considered a waste product in dairy technology.
Whey proteins are easily digestible, have good emulsification and solubilization properties. Reverse osmosis is a good
technological approach to used for concentrating the cheese whey, but before osmosis concentration, the whey is
mandatory to be degreased to a very low lipid concentration or even lipid free whey.

The raw whey presented 0.91% lipids and after degreasing occurred by centrifuging the skimmed whey composition
presented 0.07% lipids, while the concentrated skimmed whey contained 0.21% lipids. Total concentrated skimmed
whey protein (7.38%) was significantly greater compared to skimmed whey (2.06%) and to raw whey (1.79%). Also
the pH decreases in concentrated skimmed whey, the acidity increased significantly in the final product, and the dry
matter from concentrated skimmed whey was 21.73%. Whey could become a valuable nutritional product and
concentration of whey by reverse osmosis could be a good method of recovering the by-product from the cheese plants
for a good purpose and thus, whey would not be classified as an environmental pollutant.
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